Background and Aim: Although a number of methods are available for the preparation of brush border membranes (BBM) from the small intestine, very few studies have been performed on the isolation of colonic apical membranes (CAM). Cation precipitation is one of the methods used for the isolation of these membranes, which can result in altered lipid composition as a result of activation of phospholipase. We have earlier established a method for BBM isolation using polyethylene glycol (PEG) precipitation. In the present study, CAM from isolated colonocytes were prepared using PEG and the isolated membranes were characterized. Methods: The CAM were prepared from isolated rat colonocytes using PEG precipitation and differential centrifugation. Purity was assessed by enrichment of the marker enzymes and contamination by other subcellular particles. Lipid composition and sugar components were analyzed in the isolated membranes. Results: The CAM showed 11-12-fold enrichment in alkaline phosphatase and 9-10-fold enrichment in g-glutamyl transpeptidase as compared with the cell homogenate. The final membrane preparation also showed good vesicle formation as seen by electron microscopy. There is very little contamination of basolateral membranes, microsomes or lysosomes in the final membrane preparation. Analysis of sugars indicated high content of fucose and sialic acid as compared with hexoses. Lipid analysis indicated the presence of various neutral and phospholipids and a cholesterol/phospholipid ratio of 0.65 was seen.
INTRODUCTION
Colonocyte apical membranes are in direct contact with the luminal contents, which include bacteria, bacterial products, unabsorbed dietary materials, and intestinal secretions. Any damage to these membranes might facilitate the entry of luminal contents into systemic circulation. Colonic apical membranes (CAM) contain many enzymes and a number of transport channels 1 that are important in the absorption of water and electrolytes against the transmucosal electrochemical gradient. 2 Different methods have been used for the isolation of CAM, which include cell disruption followed by density gradient centrifugation 3 and selective precipitation of other membranes and subcellular organelles using divalent cations, Ca 2+ or Mg 2+ . 4, 5 The cation precipitation is a widely used method for the isolation of various membranes such as enterocyte brush border membranes (BBM), 6 CAM, 7 and renal brush border membranes. 8 Brush border membranes prepared from rodent intestine using Ca 2+ or Mg 2+ precipitation were found to differ in their lipid composition, 9 size and shape, intramembrane particle disruption, and protein composition. 10 Phospholipid composition and the static and dynamic components of fluidity were also different.
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One of the problems associated with use of cations for membrane preparation, particularly Ca 2+ , is that Ca
2+
can activate membrane-associated lipase, phospholipase, and possibly protease, which can alter the structural components of the final membrane preparation. Because the structural and functional aspects of biomembranes are influenced by their lipid and protein composition, 12 it is important to isolate the membranes in the purest form with intact structural features. We have earlier shown that BBM from the small intestine can be prepared using polyethylene glycol (PEG) to selectively precipitate other subcellular organelles. 13 This method also avoids any use of divalent metal ions. In the present study, we have used PEG for the preparation of apical membranes from isolated rat colonocytes. 
METHODS
Materials
Isolation of colonocyte apical membrane vesicles
Rat colonocytes were isolated as described.
14 Briefly, overnight-fasted rats were killed by decapitation, and the colon was removed and washed with calcium-free Krebs-Henseleit (K-H) buffer. The colon was filled with K-H buffer containing 5 mmol ethylenediamine tetraacetic acid (EDTA), clamped at both ends and incubated in oxygenated calcium-free K-H buffer at 37∞C for 20 min. Following incubation, the contents of the colon were discarded and the colon was filled with calcium-free K-H buffer without EDTA. Colonocytes were obtained by gently rubbing the colon along its length. Isolated colonocytes were centrifuged at 600 g for 5 min and washed twice using the Ca 2+ -free K-H buffer. The wet weight of the pelleted colonocytes was noted and a 5% homogenate was made using a buffer containing 2 mmol Tris-HCl and 50 mmol mannitol pH 7.1 and sonicated in a soniprep 150 (MSE, City, Country) for 20 s at 14 mm amplitude. This was allowed to remain at 4∞C for 15 min and filtered using a nylon mesh cloth. A 50% PEG and water solution was added to make a final concentration of 7% PEG, stirred for 15 min continuously at 4∞C and centrifuged at 7500 g for 15 min. The pellet was discarded and the supernatant was spun at 12 000 g for 15 min. This pellet was also discarded and the supernatant was centrifuged at 1 27 000 g for 40 min. To the pellet, 15 mL suspension buffer containing 10 mmol Tris HCl and 300 mmol mannitol, pH 7.1, was added and centrifuged at 27 000 g for 40 min. The pellet was washed twice with the same suspension buffer and finally suspended in 1 mL of the same buffer using a syringe fitted with a 26-gauge needle. Protein was estimated using BSA as standard. 15 This study was approved by the Animal Experimentation Ethics Committee of the Institution.
Enzyme assays
Activity of alkaline phosphatase, 16 maltase and sucrase, 17 leucine amino peptidase, 18 g-glutamyl transpeptidase (GGT), 19 Na + K + ATPase, 20 glucose-6-phosphatase, 21 and arylsulfatase 22 were assayed as described. The enzyme activities are expressed as units/ mg protein. (Units are expressed as mmol/min/mg protein for alkaline phosphatase, leucine amino peptidase, GGT, and glucose-6-phosphatase, nmol/h/mg protein for maltase, sucrase, and arylsulfatase and nmoles/min/ mg protein for Na + K + ATPase).
Determination of membrane-bound sugars and thiol content
Membrane-bound hexoses and fucose were determined as described with slight modification. 23 Briefly, 200 mL of membrane sample corresponding to approximately 10-20 mg of membrane protein was taken, and to this 1 mL of cooled mixture consisting of six parts concentrated sulfuric acid and one part of water was added. This was heated for 3 min in a boiling water bath and the mixture was immediately cooled using ice. To this, 0.2 mL of cysteine phenol solution reagent (containing 1% of L-cysteine-hydrochloride and 0.075% of phenol) was added. This mixture was kept in an ice bath for 60 min and the absorbance was read at 398 nm for fucose and 490 nm for hexoses. Calibration curves were made using a solution of D-galactose for hexoses or Lfucose, in the concentration range of 5-50 nmoles. Membrane-associated hexoses and fucose were expressed as nmoles/mg protein.
The sialic acid content of the isolated membranes was estimated as described. 24 An equal volume of 0.2 N H 2 SO 4 was added to the sample corresponding to a membrane protein of 25-50 mg and digested for 1 h at 80∞C. This solution was cooled to room temperature and 0.05 mL of 0.2 mol of sodium meta periodate dissolved in 9 mol of phosphoric acid was added and incubated for 20 min at room temperature. To this 0.5 mL of 10% sodium arsenite in 0.5 mol sodium sulfate was added and kept for 5 min at room temperature, followed by the addition of 0.75 mL of 0.6% thiobarbituric acid. This was kept for 15 min in a boiling water bath, cooled immediately, centrifuged for 10 min and the supernatant was read at 560 nm. The standard curve was made using a sailic acid solution in the range of 5-50 nmol and membrane-bound sailic acid was expressed as nmol/mg protein.
U N C O R R E C T E D P R O O F
Preparation of rat colonocyte apical membrane 3
The thiol content of the membranes was measured using 5,5¢-dithio-bis-(2-nitrobenzoic acid) as described previously.
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Lipid analysis
Apical membrane lipids were extracted according to the method described by Bligh and Dyer. 26 The lower organic phase was evaporated to dryness, resuspended in a small volume of chloroform : methanol (2:1) and used for lipid analysis. Neutral lipids were separated on silica gel G plates using the solvent system hexane : diethylether : acetic acid (80:20:1, v/v). Spots corresponding to standard were identified by iodine exposure and eluted. Cholesterol and cholesteryl ester, 27 diacylglycerol, and triacylglycerol 28 were quantitated as described previously. Individual phospholipids were separated on silica gel H plates using the solvent system chloroform : methanol : acetic acid : water (25:14:4:2, v/v) and quantitated by phosphate estimation after acid hydrolysis. 29 
Electron microscopy
Colonic apical membrane vesicles were fixed in suspension at 4∞C with 1.5% glutaraldehyde in 50 mmol sodium cacodylate buffer, pH 7.4, for 30 min and centrifuged at 10 000 g for 10 min. Pellets were gently rinsed with the same buffer and post-fixed for 2 h on ice with 1% osmium tetraoxide in 50 mmol sodium cacodylate buffer, pH 7.6, and rinsed with the same buffer. After dehydration in an ethanol series, pellets were embedded in polybed resins, thin-sectioned and stained with uranyl acetate and lead citrate. This material was then photographed in a Phillips 201 electron microscope (Phillips, Eindhoven, Netherlands).
Statistics
Data are expressed as mean ± standard deviation (SD) from a minimum of three separate preparations from different animals.
RESULTS
In the present study, isolated colonocytes instead of scraped mucosa were used for the preparation of apical membranes. This avoids the presence of mucus, which is known to be abundantly present in the colon, and which may interfere with cell membrane preparation. Sonication instead of homogenization was used to obtain a uniform cell disruption. Polyethylene glycol selectively precipitates other subcellular particles and, using differential centrifugation, relatively pure apical membranes were obtained. Figure 1 shows an electron micrograph of the final apical membrane preparation, which are predominantly in vesicular form. Table 1 shows the enrichment of the marker enzyme in the apical membranes prepared from isolated colonocytes. As can be seen, enrichments of 11-12-fold for alkaline phosphatase, 9-10-fold for GGT and 3-4-fold of leucine aminopeptidase were obtained in the final membrane preparation as compared with the homogenate. Disaccharidase activities were not detected in the membrane (data not shown). To trace out the contamination by other subcellular particles, marker enzymes Na + K + ATPase for basolateral membrane, aryl sulfatase for lysosomes and glucose-6-phosphatase for microsomes were assayed in the membrane preparation. As shown in Table 2 , there is very little contamination by these subcellular fractions in the final membrane preparation. Table 3 shows the sugar and thiol content of the isolated membrane and, as can be seen, a high content of fucose and sialic acid is seen as compared with neutral sugars. Table 4 shows the lipid composition of the isolated membranes. A high content of cholesterol, both free and esterified, as well as triacyl glycerols, is seen in the membrane preparation. Among the phospholipids, phosphotidylcholine and phosphotidylethanolamine are the major constituents and a considerable amount of sphingomylein is also seen. A cholesterol/phospholipid (C/P) ratio of 0.65 was observed in the final membrane preparation.
DISCUSSION
Different methods are available for the preparation of colonocyte apical membranes, which include metal ion precipitation using Ca 2+ or Mg 2+ , 4, 5 and density gradient centrifugation. 30 One of the problems associated with metal ion precipitation is the possible activation of membrane-associated lipid degrading and proteolytic enzymes by divalent metal ions, 12 which is likely to alter the lipid and protein composition and hence the structure of the membrane. Although the density gradient centrifugation method avoids these artifacts, it is a timeconsuming method. We have previously used PEG precipitation for the preparation of BBM vesicles from rat intestinal mucosa and compared this with the cation precipitation method. 13 It has been seen that the PEG precipitation method yields a membrane preparation, which has lipids intact. In contrast, cation precipitation leads to lipid degradation in the membrane. 6, 31 Hence, in this study, the PEG precipitation method was used to isolate the apical membranes. Isolated colonocytes rather than scraped mucosa were used as the starting material and this avoided the interference of mucus, which is known to be present abundantly in the colonic mucosa. In the present study, it was observed that the final preparation had a good enrichment of marker enzymes and is free from contamination by other subcellular organelles. The enrichment of the PEGprecipitated membranes is similar to that reported for CAM isolated from rat and rabbit using cation precipitation, 32, 33 with EDTA, 30, 34 and with density gradient centrifugation. 30 Electron micrographs of the membrane preparation also showed a good vesicle formation. The sugar and thiol contents of the apical membranes were determined and, to our knowledge, this is the first report of this in CAM. The C/P ratio in the iso- 
U N C O R R E C T E D P R O O F
Preparation of rat colonocyte apical membrane 5 lated membrane was found to be slightly lower than that reported by others using cation precipitation. 35, 36 In conclusion, in the present study, CAM were prepared using a simple PEG precipitation and differential centrifugation. This method is less time-consuming when compared with known membrane preparation methods, and avoids possible alteration in the membrane lipids because of the use of cations for membrane preparation.
